Regulation of voltage-dependent excitatory responses to alpha,beta-methylene ATP, ATP and non-adrenergic nerve stimulation by dihydropyridines in the guinea-pig vas deferens.
Simultaneous recordings of mechanical and intracellular electrical activity were obtained from the guinea-pig vas deferens, where nerve stimulation, ATP and the stable nucleotide analogue alpha,beta-methylene ATP elicited excitatory responses. Excitatory junction potentials and action potentials were elicited by low-frequency (trains of pulses, generally less than or equal to 2 Hz) field stimulation. alpha,beta-Methylene ATP and ATP elicited only concentration-dependent depolarizations at low concentrations, while higher concentrations elicited a superimposed action potential discharge which was accompanied by mechanical contraction. The voltage threshold at which action potential discharge was initiated by these three stimuli was about -45 mV (resting membrane potential averaged -66 mV). Action potential discharges and contractile responses were antagonized by nifedipine and augmented by Bay K 8644 at concentrations (1 and 0.5 microM, respectively) which exhibited only small effects on either excitatory junction potential amplitudes or nucleotide-induced depolarizations. Bay K 8644 enhanced and nifedipine antagonized the repolarization (rectification) phase of action potential discharge elicited by nerve stimulation and drugs; after-hyperpolarizations were prominent in the presence of Bay K 8644 (0.1-5 microM). Excitatory junction potentials were antagonized after exposure to alpha,beta-methylene ATP. This antagonistic effect of alpha,beta-methylene ATP was also observed following depolarizations elicited in the absence and presence of nifedipine (1 microM). Noradrenaline was approximately 50-100 times less potent than alpha,beta-methylene ATP in eliciting action potential discharge and contraction. It was only when a high concentration of noradrenaline was used (about 60-100 microM) that the noradrenaline-induced depolarization attained the voltage threshold for action potential initiation. These results illustrate the similarity of the electrical components which underlie excitation by nerve stimulation and adenine nucleotides in the vas deferens, and demonstrate the ability of dihydropyridines to regulate voltage-dependent events associated with both the generation and inactivation of muscle action potentials. These are probably voltage-dependent calcium currents and calcium-activated potassium currents, respectively. Neither excitatory junction potentials nor the mechanism of desensitization of the ATP purinoceptor by alpha,beta-methylene ATP involve voltage-dependent calcium channels.